ABSTRACT
INTRODUCTION
ire news regarding the U.S. textile industry is manifest. At the aggregate industry level, many of these claims are correct. However, a very different picture emerges from data from the individual sectors of the textile industry where there is tremendous creative energy. Levinsohn and Petropolous (2001) present the industry as an example of "creative destruction", a term made famous by Joseph Schumpeter. His idea is that the creation of new products and production methods lead to the destruction of market share for firms committed to existing paradigms. The evolution of the nonwoven sector in the last thirty years has certainly been creative and is changing textile manufacturing in the United States.
THE NONWOVEN MANUFACTURING SECTOR The Importance Of The Nonwovens Sector
The textile industry is an important manufacturing sector; it contributed close to $69 billion to GDP in 2005 (BEA, 2007); in certain regions of the United States, it is the predominant employer although those numbers are declining. Within the textile industry, the nonwovens sector is distinguished for its growth; this is in contrast to many other textile sectors. In 2002, the sector employed more than 21,000 employees (Census, 2007) 1 at average wage rates above the typical textile worker. The following graph, Figure 1 , tracks the changes in employment from 1958 through 1996.
Figure 1: Employment Trends (thousands)
The number of firms entering the industry continues to grow as does sales volume, measured by value of shipments in Figure 2 , as new uses of nonwovens continue to be developed. The following table shows these trends relative to the textile industry as a whole. The price index for labor shows the greatest increase over the period. The second greatest increase is in the price of energy, which is also the most variable, however not a significant share of the overall cost structure facing the firm, as illustrated in the following chart. Similarly, the increase in the price of investment in capital is large but again not a large expenditure relative to total costs. The most modest price increase is for the final product; good news for the consumer but not the manufacturer. Nonwoven prices for the final goods increased by 196% while overall, the cost of commodities increased 305.8% between 1965 and 2002 (Carpet & Rug Institute, 2003 .
Employment in the Nonwoven
While these profiles are not uncommon within the textile industry, there are two substantial differences in the nonwovens sector. First, the cost of material very closely tracks the price index for shipments (the price of the final product). The general pattern in textiles is for material costs to increase by much more than output prices. Secondly, the capital intensive manufacturing protects the nonwovens sector from much of the competition from abroad. Governments of developing countries tend to avoid subsidizing industries requiring large capital investments and small workforces; they generally have the objective of increasing employment opportunities for their labor force.
The following chart shows the importance of materials in the cost structure. Material costs went from 65 to 70 percent of the costs of production, while labor shifted from 30 to 20 percent of the costs, and the rest is accounted for by energy and capital, which together went from 5% to 10 % of the total cost of production.
Thus we observe a) large changes in the relative prices of inputs and b) the importance of materials in the cost structure of the firm. Rising labor costs favor the labor-saving technology of the nonwovens processes. Technological innovations in the production process continue to encourage growth in the industry with new product development and product quality improvements. We apply econometric techniques to analyze this sector's success, particularly with regard to changing patterns of input use, that is, the degree of substitutability between inputs as costs change, as well as determine the economies of scale.
Next, we first present the theoretical model and the description of the dataset. Then the econometric estimation and analysis of the nonwoven sector provides insight for textile manufacturing in the future.
ECONOMETRIC ANALYSIS

Theoretical Model
We employ the transcendental logarithmic (translog) cost function to study the production structure of the nonwoven sector. The translog cost function developed by Christensen, Jorgensen and Lau [1971, 1973] handles multiple inputs and allows for variable elasticities of substitution between these inputs. This is preferable to the Cobb-Douglas and constant elasticity of substitution (CES) production functions that only allow us to analyze two inputs, usually capital and labor, and restrict the elasticity parameters to sum to unity (Cobb-Douglas) or be constant (CES). 2 Assuming firms minimize total costs of production, the general form of the aggregate cost function can be represented as
where production cost (C), is expressed as a function of the prices of inputs (capital, labor, energy, materials), the level of output (Q) and technical change (T 
where i,j = K,L,E,M, and α, β, γ, Ɵ are the parameters to be estimated. To streamline the exposition, econometric specifics are articulated separately in the following sections of the econometric results, and in full in the appendix.
The model is estimated using the iterative Zellner procedure for seemingly unrelated regressions using the RATS software. The estimated cost function is a multi-input, non-homothetic function, which allows for nonconstant returns to scale, non-neutral technical progress and variable elasticity of substitution.
Data Sources
This study is based on data for the period 1953-1996. Data on cost and prices of labor, capital service, energy, non-energy materials and real output for nonwoven textiles (SIC 2297) are taken from the Bureau of Labor Statistics' Multifactor Productivity database. Total cost is computed as the total of labor, capital, energy and material cost. Using this data to estimate the parameters of the cost function allow us to investigate the sources of growth for the nonwovens sector. Specifically, we investigate whether this sector was able to take advantage of economies of scale and how technical change over time has altered the optimal combination and level of inputs.
Econometric Estimation And Analysis
Economies of Scale
Scale economies (SE) are measured as the reciprocal of elasticity of cost ( CQ  ) or the percentage change in cost with respect to output, holding input prices and technology constant
Constant returns to scale are indicated by SE = 1; costs increase in direct proportion to output. Decreasing returns to scale are indicated by a parameter value SE < 1, that is, costs increase more than proportionate to the increase in output. Our estimates yield the following results. 
Year
Economies of Scale
We observe decreasing returns to scale in the nonwoven sector up until the 1970's. Before the 1970's, one would expect firms to be operating at full capacity; expansion causing pressure on the costs. After 1975, however, we see a transformation; SE >1, implying increasing returns to scale. There is sufficient capacity that if the firm expands the scale of operation, they would experience falling per unit costs consistent with a capital intensive industry, requiring large fixed costs. The industry became more efficient between 1978 and 1996, as demand for the nonwoven products grew and mass production allows the firms to take advantage of the scale economies.
Technical Change
The rate of technical change (TC) equals the negative of the rate of growth of total cost with respect to time, holding output and prices of all inputs constant. In terms of the translog cost function, the rate of technical change is measured as,
In equation (4) progress. An increase in the price of capital encourages the substitution of other inputs which makes the adoption of capital-saving technology more cost effective; this may be attributed to the growing importance of material and labor in the cost structure. Again we see a shift in technology taking place around 1970; the energy using component may be attributed to the increased fuel prices at the time.
Elasticities of Substitution
The cost function also yields direct estimates of the various Allen-Uzawa elasticities of substitution. These parameters are the key to describing the pattern and degree of substitutability and complementarity between the factors of production. The Allen-Uzawa partial elasticities of substitution between two factors i and j, ij , can be computed directly from the translog cost function [Nadiri and Schankerman, 1981] .
Having four inputs (labor, materials, capital and energy) creates six pairs for which we estimate elasticities of substitution. To present the results in as clear a manner possible, we segment the elasticities by whether or not energy is in the pair. A positive elasticity indicates that the inputs are substitutes, a negative estimate indicates complements. Once again a change in technology is in evidence in the early 1970's, energy and materials switch from complements to substitutes. Previous to 1974, if one were to increase production, using more labor or material, one would necessarily use more energy. After 1974, one could substitute more capital or material for energy, perhaps indicating new energy saving capital investment. 1.20 1.40 1958 1961 1964 1967 1970 1973 1976 1979 1982 1985 1988 1991 1994 Year
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While material and capital remain highly substitutable, substitution elasticity between material and labor declines in production. This period covers a technological transition to greater degrees of capital intensity in production. As fewer workers are involved with the production process, they are more critical and less substitutable for other inputs.
The high degree of substitutability between materials and capital might at first blush seem counterintuitive; how can one use more machines and less fiber to achieve a certain level of production? Could one produce the same amount of sweaters, for example, with more looms and less wool? The degree to which capital and material are not complements perhaps reflects the ability of the industry to outsource; that is "to make or buy". If they are making the intermediate inputs, they invest in capital; if the prices shift, an agile manufacturer buys the intermediate inputs (material), thereby substituting material for capital.
CONCLUSIONS
Clearly there has been a fundamental transformation in the nonwovens sector. We attribute this to both product and process innovations. Existing products are being improved (diapers) and new products are continually arising (Clean-up wipes). This is clearly reflected in the data. After 1975, there is a shift to increasing returns to scale in production; there is sufficient capacity that as the scale of operation expands, unit costs fall, consistent with mass production and the large fixed costs of high tech production. Process innovations are evidenced by a shift in technology taking place around 1970 with the growing importance of material and labor in the cost structure. At the same time, energy and materials switch from complements to substitutes. After 1974, one could substitute more capital or material for energy, perhaps indicating new energy saving capital investment.
Material and labor become less substitutable in production; there is a greater degree of capital intensity in production so as fewer workers are involved, they are more critical and less substitutable for other inputs. One would expect capital and material to be used together (complements) but they are substitutes. This reflects the ability of the industry to outsource; that is the "make or buy" decision. Nonwovens, a growing sector of the textile industry, is a paradigm for growth; it exemplifies the value of innovation in an industry often mistakenly dismissed as "old manufacturing". 
where i,j = K,L,E,M, and α, β, γ, Ɵ are the parameters to be estimated.
For a well-behaved cost function, linear homogeneity in input prices and symmetry of the input-price Hessian matrix are imposed.
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(i) Linear homogeneity:
The total cost function is estimated with the cost share equations obtained using Shephard's lemma [Diewert, 1971] 3 , by differentiating Eq. (2) with respect to the input prices.
where 
which vary with relative factor prices and the levels of output and technology. If SE is greater (less) than unity, cost increases less (more) than proportionally, implying the existence of increasing (decreasing) returns to scale.
The rate of technical change (TC) equals the negative of the rate of growth of total cost with respect to time, holding output and prices of all inputs constant.
In equation ( The Allen-Uzawa partial elasticities of substitution between two factors i and j, ij , and the outputcompensated own-and cross-price elasticities of factor demand, ii and ij , can be computed directly from the translog cost function [Nadiri and Schankerman, 1981] . These parameters describe the degree of substitutability and complementarity between the factors of production. The adding-up condition for the cost shares in (5) renders the disturbance covariance matrix to be singular. Therefore the system of equations is estimated by deleting one of the share equations. The model is estimated using the Iterative Zellner procedure for seemingly unrelated regressions with restrtictions (3) and (4) imposed using the RATS software. Kmenta and Gilbert [1968] show that iteration of the Zellner procedure until convergence yields maximum likelihood estimated which is invariant to the choice of equation deleted. The estimated cost function is a multi-input, non-homothetic function, which allows for non-constant returns to scale, non-neutral technical progress and variable elasticity of substitution. 0.999 Note: *** significant at the 0.01level; ** significant at the 0.05 level; and * significant at the 0.10 level. 
